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Dear Ms Brown, < =

I am wniting to alert you to a potentially preventable form of serious injury — handlebar-
related mmjunes to abdomunal organs It has long been known that bicycle handlebars
pose a nisk of pancreatic, intestinal, renal, liver, and splenic injurnes, particularly to young
children Our recent study demonstrates that these serious 1njunes occur 1n the setting of
munor incidents — falls from bicycles not involving motor vehicle crashes (see attached
manuscript) The discordancy between the munor circumstances (low-speed falls) and the
sertous nature of the injunes suggest that the cause of the injury was the bicycle 1itself
We further explored the circumstances and discovered that the handlebars were acting as
blunt spears and, as such, were causing the injuries upon 1mpact

Our further research indicates that handlebars can be designed that will mimimuze the risk
of these mjuries (see attached rmanuscript) Our handlebars dissipate the impact energy
and spread the forces over a larger surface area so that forces transmutted by the end of
the handlebar to the abdominal organs dunng impact are reduced to below known 1njury
tolerance levels We are not suggesting that our design 1s the optimal design for a safer
handlebars; rather, we are demonstrating by our design that safer handlebars are feasible

and should be required on all new bicycles and that retrofit solutions for existing bicycles
should be explored

By thus letter, I am petitioning the Consumer Product Safety Comnussion to regulate the

safety of handlebars by way of a performance standard regarding energy dissipation and
distribution during 1mpact.

The Chudren’s Hosprcl of Phiadelph 15 an equal oppomunicy employer and panents are aceepted wathoue regard to ez creed wlor handicap
nauonal engin or soc



Thank you 1n advance for your thoughtful consideration of this very important 1ssue

Sincerely,

Floenom K L dmstor—

Flaura Koplin Winston, MD PhD

Dairector,

Traumalink The Interdisciplinary Pediatric Injury Control Research Center
The Chuldren’s Hospital of Phuladelphia

Assistant Professor, Pediatnics
The Chuldren's Hospital of Philadelptua and the University of Pennsylvama School of
Medicine



Hidden Spears: Handlebars as Injury Hazards to Children

Flaura K Winston, MD, PhD*}, Kathy N Shaw, MD, MS5*t, Allyson A Kkreshak, BA*, Donald F Schwarz,
MD, MPH*;, Paul R Gallagher, MA*, and Avital Craan, PhD™t

ABSTRACT Objectives To delineate the mechamism
of serious bricycle handlebar-related injunies in children
and make recommendations for preventive strategies

Methods Prospective cross-sectional surverllance sys-
tem of seriously mnjured ctuld bicychists supplemented
by in-depth, on-site crash investigahion to delineate spe-
cific impury mechamsms Interdisaplinary analyses in-
volved engineers, climcans, epidemrologists, and biosta-
tisticrans

Setting. The emergency department and m-patient
trauma service of an urban level one pediatnc trauma
center between October 1995 and September 1997

Partictpants Patients under 18 years of age who were
treated for senous bicycle-related injunies {Abbreviated
Injury Scale scores of 2 or greater)

Results The surveillance system wdentified two dis-
finct circumstances for serious chuld bicyclist injury 1)
handlebar-related injunes associated with minor inci-
dents (falls from bicycles) and 2) nonhandlebar-telated
mjunes associated with severe incidents (brcycle-motor
vehicle crashes) Crash investigations explored the minor
mcidents that resulted in serious handlebar-associated
injunies In the typical mecharusm, as the child lost con-
trol of the bicycle and began to fall, the front wheel
rotated into a plane perpendicular to the child’s body
The child then landed on the end of the handlebar re-
sulting 1n sencus buncal mjurnes

Conclusions A discordancy ewusts between the appar-
ently munor circumstances and serous injunes sustained
by chuld bicychsts who umpact bicycle handlebars Rec-
ognition of the mechanism of handlebar-related injunes
mught aid the practihoner in 2arly diagnosis of senous
abdomunal injunes in child bicyehsts This injury mech-
amsm may be avoided through bicycle redesign that
would 1nvolve both limiting rotation of the front wheel
and modifying the ends of handlebars. An integrated
approach involving a surveillance system to 1dentify an
mjury hazard supplemented by in-depth, on-site crash
investigations etfectively provided the detarled mecha-
mism of injury needed to develop 1ntervenhons
Pediatrics 1998,102.596~601, bicycle, handlebars, children,
abdorunal trauma, myury prevention, myury mechamsm

ABBREVIATIONS ICE, Imjury Circumstance Evaluation, EMS,
Emergencv Medical Services, AIS, Abbreviated Injurv Scale, IS5,
Imjury Severtty Score MAIS, Maximal AIS
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e prumary goal of injury control research 1s to
develop interventons that will reduce the
madence and seventy of injunes The pro-
cess of translating research into mterventions m-
volves identifying injury hazards and eluaidating the
etnology of the hazard mm sufficient detail for those
who will develop the interventions Application of
thus process has resulted in the 1dentification of head
mjury as a sigruficant source of morbidity and mor-
tality tn chuld biwcychsts and resulted n the develop-
ment of the bicycle helmet '-*

Recent reports™ mdicate handlebars as another
source of imjury among chuld bicyclists even among
low-speed crashes 7 Effective countermeasures, how-
ever, have not yet been developed primarnly because
of the limited understanding of the imjury mecha-
rusm The majonty of reports of handlebar-related
mjunes have been hmited to descriptions of treat-
ment strategies, operative techruques, and course of
recovery Impact with handlebars has been docu-
mented as producng raumatc abdominal wall her-
rua,'%!? renat, ntestinal, liver, spleruc, and pancreahc
injuries,” 47 abdominal wall rupture,’® abdomuinal
aorta rupture,” framsection of the common bile
duct,® traumatic arterial occlusion,” grom njures,
23 and even death * Underlving organ injuries are
often occult, as external bruising 15 wnfrequently
present, and the signs and symptoms of organ imjury
do not present for hours” Although these reports
have recogrmized the role of the handlebar in child
bicychst injury, there 1s msuthicient informaton re-
garding the detailed mechanism of yjury

For effechve mterventions to be developed, the
mecharusm of handlebar-related mjury must be un-
derstood In the current study we proposed to 1)
identify the basic aircumstances surrounding child
bicyclist imuries through use of a surveillance system
and 2) elucidate the detailed mechanism of mjury
with on-site, m-depth crash mvestigzations mncerpo-
rating the expertise of engineers, epidemiclogists,
chimcians, and brostatisticians

METHODS

Injury Circumstance Evaluation (ICE} Study of
Bicychists, Pedestnans, and Motor Vehicle Cccupants

The goal of the ICE Studv 15 to identifv sigmificant injury
hazards to children and to elucidate the mechamism of the mmury
hazard with sufficrent precision to allow the development of in-
terventions To achieve this goal, the ICE Studv combines a pro-
spective cross-sectional surverlance svstem ot injured chuldren
and on-site in-depth crash nvestigations to denniv specfic in-
jury mechamisms Previous results of the ICE Studv revealed the



mechimiem ot airbag-related deaths and senous inpurnes in ol
dren -+

The ICE Study recrutts pediatric patients <Isveirs ob 12 who
were trnsported by Emergency Medical Servies (EMS) persoa-
nel and treated tor inuries sustiined as b chists pedestans o
motor velucle occupants at a level one urban pediatric triuma
center serviuny a five-county  region Evcluded trom the ICE
Studv are children tor whom a history cannot be obtained Con-
went tor inclusion n the study 15 obtained according to a protocot
approved bv the I[nstitutional Review Board ot The Children s
Huspttal ot Philadelptua

The [CE survedlare? systen incorporates data collected rrom
self-administered survevs completed bv EVIS personre!l upon de-
hvery ot mnjured chuldren to the emergency department and sur-
vevs admimstered by two trammed paraheaith professionals to
children witnesses and relatnes upen the chuld s admussion to
the inpahent frauma service for treaement of tus or her injurzes For
a given child mulhple respondents compiete survevs to obtain the
most complete historv Discordant responses are resolved bv fol-
low-up interviews Survevs were developed bv incorporating the
experti=e of engineers, cinicians, and eprdemiclogists through the
approach of biomecharucal epidemiology ** Biomechanical epide-
muwlogy 15 a new concept that combines the strengths of engineer-
ing, medicine, and eprdemuology through the design execution
and analvsis of wjurv research

The ICE surieilance system 1s analyzed to idenbfv qircum-
stance-injurv pattems Cases represenang these patterns are then
subjected to on-site mn-depth crash investigaton by Dvnamuc
Saence, Inc, (Washington, DC) a prefessional crash imv estigahon
team Data collected bv the nvestigators include scene and vehicle
evidence and chuld bod:ilv contact points that are used to deter-
mume how the injurv event cccurred and the kenematic movemens
cof the chuld i respense to the event These data are analvzed
independently by two professional iny estigators to elucdate de-
tailed mechamsms of mjurv

Reconstruction of the injurv-producing events mvolves stan-
dardized procedures that relate scene and vehucle evidence to the
mjunes recewved bv the chuld Difrerences i mterpretahon are
resolved bv a third mnvestigator Protocols are avalable on request

Descriptions ot the mjunes sustamed are obtained from the
medical record and coded according to the Imternationn Classifica-
tion of Dhseases, Sth Climical Modification™ and Abbreviated Injury
Scale (AIS) codes {see defimitien below) by two separate individ-
uals (traned research assistants), one ot whom 15 blinded to injurv
mecharusm [hscrepancies are resolved by jomt review of the
medical records Additonal mfermation obtained from the med-
1ca} record includes gender and age

The AIS™® and the Injury Seventv Score (IS5)' were used to
classifv brcvchst imyury sevenity The AIS rates the sevenity of an
anatotie mjurv from 1 (mmner injurv) to & {fatal injurvy) for each ot
stx bodv regions head/neck, face chest, abdomen, extremities/
pelvic girdle, and external A score ot O was assigned to patients
who sustained no injuries Because multiple mmjunes mught occur
within one or several bodv regions, Maximal AIS (MAIS) was
defmed for each bodv regien and averall for any body regron and
was recorded for each subject All subjects in thus studv had a
MAIS of 22 The ISS was developed to account for overall imury
seventv IS5 1s the sum of the squares of the three hughest AIS
scores therebv accounting for mulhple imurics sustained

ICE Surverllance Data Collection for the Current Study

The subjects for the current studv were the subset of the ICE
Studv population who were serously injured bicvchists (AIS 221
treated at vur regional trauma center Onlv those more sencusly
imured children were included because thev constituite a well-
detined population who are tnaged to the center tor detiutive
trauma care

A» mentioned the ICE Studv uses a senes of survevs o cbtaint
detailed trauma histones that descnibe the injurv arcumstances
Answers used n the current study ins olve ame of madent de-
scriptions of the sites ot bodv impact bicvele crash tvpe (eg, struch
and thrown on motor vehicle), direction ot unpact and fall, sur-
taces impacted, speed ot vehicles and other arcumstance infor-
mation Speafic questions addressing handlebar wnvolvement in
injury included anatomical deseriptions ot where the handlebars
made impact with the child’s bodv and what obiect the chuld »

bodv hirst made impact The quesaonnure i~ av ubible trom the
withors vn request

Chuld brcvcdists were systematioalls dossificd o twa imp e
groups based on sunves responses The handlibar zrovn wos
wmposed of those whose surter responses mdicated thit they
made impact with the handlebar The remviming bic dists were
classified into the nonhandlebar impact wroup

Survev responses were svstermahclby Jaswitied into three
event severity categories Bievehist collisions with 1 movmy moter
vehucle were Cassibed as severe, brcvediat collisions with 1 stahon-
arv object (es, pole or parked vehicle) or another bicdlist were
classified as moderate brovelist collsions snowhich the (g sp.
plv fell oft the bicvcle were assitied as minor

Statistical Analyses

Gender was compared between the two impact groups (han-
dlebar and nonhandlebar) by a Fisher s Exact test 4ge was com-
pared using a Student 5 ¢ test for independent samples Distribu-
hion of the most severely mjured bodv rezions was compared
using an exact x* test MAIS and event severitv were compared
between unpact groups using a Krushal-Wallis Exact test 198 was
compared between impact groups usng a Mann-Whimey U test
Analvses were conducted using SPSS and StatXact Stahsncal
signuficance was set at P < 05

On-site, In-depth Crash Investigations for the
Current Study

Analvsis ot the surveillance data idenhfied munor bicvcle-
related mmadents resuling in sentous wjunes Cases with thus
discordant arcumstance-injury pattern for which a bicvcle was
available for mspection and consent was obtained were dentfied
tor targeted study using on-site, mn-depth crash investgations for
the deterrination of iyjurv mecharusms Specialized data collec-
tion forms were developed to record scene vehicle, and imury

data for mjured child bicvclists and were used for the current
studv

" "RESULTS

From October 1995 through September 19%7, 107
bicychsts with MAIS 2 or greater injuries were 1den-
tified from the ICE Study and formed the cohort ot
seriously myured child bicyclists for the current
study Over half (59%) of the 107 children m the
study had multiple injunies Overall, the 107 children
In the study sustained a total of 190 mmjuries These
mjuries were distributed by body region as follows
16 head/neck wyurnes, 7 facial mjunes, 5 chest mju-
nies, 18 abdomunal injuries, 61 extremity injuries, and
53 external/superficial injunes

The distibution of the most severely myured body
region for each chuld based on handlebar unpact
grouping 1s presented mn Table 1 The handlebar
impact group 15 comprsed of children with iryuries
distnbuted among most body regions, but the ma-
jority of sericus injuries occurred within the abdem-
inal region The nonhandlebar impact group bad
injuries distributed among all body regions, but the
mOost severe injuries were to the extremities and head
(P < 0001)

The abdomunal injuries 1n the handlebar impact
group were as follows six splenuic lacerations, two
liver lacerations, three kidney injuries (two lacera-
nons and one hematoma), and two pancreatic lacer-
ations Other handlebar impact-related mjures in-
cluded ¢ne pneumothorax, one thigh impalement,
one closed head mmjurv with basilar skull fracture,
and one radwis tracture

The distribution of demographic variabies, MAIS,
IS5, and event severitv between the two impact

ARTICLES 597



TABLE 1

Distnibution ot Most Severe injures bv Impact
Tvpe or Imun

Budv Rewmon Handlebar  MNon-  Total*  #
Impact  handlebar Yalue
Impact

Head/neck 1 29 30 <0001

Face Q 1 1

Chest 1 1 2

Abdomen/ pelvis 15 3 16

Extremibes 2 47 19

External 0 1 1

Equivalent head and facet 0 1 1

Equivalent head and chestt 0 1 1

Equivalent head and 0 6 6

extremnityt

* The 107 bicvclists represented had muitiple injunes, but the bedy
region corresponding with the most severe mjury a bicvelist sus-
taned was used for this table

t Categories represent bodv regions which sustained the same
imury seventy and were equivalently the most severelv imured
body regions

groups is presented m Table 2 Overall, the majonty
of injured bicychists were male (78%) and the average
age was 10 years There were no sigrficant differ-
ences i gender and age for the handlebar impact
and nonhandlebar mmpact groups The handlebar
and nonhandlebar immpact groups had similar sever-
thes of mmjury as demonstrated by similar MAIS and
1SS (P = 51land P = 28, respectively) Median MAIS
and IS5 were 2 (range, 2-4) and 5 (range, 4-16),
respectively, m the handlebar impact group and 2
(range, 2-5) and 5 (range, 4-34), respectively, m the
nonhandlebar inpact group

There was a sigruficant associahon between the
event sevenity and mmpact group (P < 0001} No
severe events (bicycle-motor vehicle crashes) re-
sulted i handlebar impact, rather, the more minor

-
TABLE 2 Pattent Frequencs and Imurv Charactenshcs by
Impact Tvpe
Vanable Handlebar Non- Total* P
Impact handlebar Value
Impact
Gender 07
Male 14 69 83
Female 3 21 24
Age (y) 058
Mean 10 101 1034
sD 3 33 321
MAISTH 051
2 9 So 03
3 ] 26 32
4 It 7 9
5 0 1 1
Median 2 2
Range 24 2-3
1554 028
Median 5 5
Range 16 4-34
Event Severity < 0001
M.aor (Fally 13 18 1
Moderate (Other & 17 2
collision)
Severe (Motor vehicle 0 53 83
collision)

* 107 brevelists are represented
t Represents the most severe imury a bicvehst sustained
I Represents overall injurv seveney

events (falls from bicy cles) were associated with han-
dlebar irmpact

Thirteen (76 5%) of the handlebar impact-related
crashes occurred as a result of rve muner crash ty pes
1} when the bicvchist lost balance atter hitting a dis-
conbnuity in the riding surface (sidewalk pothole,
grass-sidewalk interface, or curb), 2) when the child
braked suddenly, 3) after the chain disengaged trom
the wheel (chain pep), 4) durning a performance ot a
stunt, or 5) when the rider suddeniy turned the frong
whee! The four remaining handlebar impact-related
crashes occurred under moderate crash circum-
stances in which the rider made impact with a sta-
tonary object or other brcyclist

In both minor and moderate circumstances, upon
falling from the bicycle, the child made unpact with
the handlebar end, the stemcrown (Fig 1), or crossbar
(Fig 2} In 12 (70 6%) ot the cases, the chuld made
umpact with the end of the handlebar Two made
unpact with the stemcrown or crossbar In the re-
mamng three specific handlebar impact was un-
krown

Surveillance data regarding handlebar-related in-
jurites were confirmed and supplemented by n-
depth, on-site crash investigations Seven cases of
handlebar-related injury were selected for investiga-
tion because the bicycle was available for inspection
and consent was cbtamed Events mvestgated in-
cluded three bicycle mechanical failure, two loss of
control, and two stunis All of the bicycles were
appropnately sized for the riders Four subjects 1m-
pacted the handlebar ends, 1 subject impacted the
stemcrown, 1 subtect impacted the crossbar, and 1
subject impacted erther the handlebar end, the cross-
bar, or both Five of the bicycles were stunt-type, two
of which were self-assembled with parts from a va-
niety of bicycles The handlebars on the five stunt-
type bicvcles were regular handlebars with an exag-
gerated curvature toward the rider The handlebars
on the other two bicycles were the same regular
handlebars with less curvature toward the nder Pro-
tective rubber coverng was present on six of the
handlebar ends, none had shock-absorbing foam
padding an the handlebar ends One bicycle had
exposed metal handlebar ends (Fig 3) The stem-

Fig 1 Stemcrown onto which a bicschst fell resultng in a pan-
creatic fracture
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Fig 2. Crossbar onto which a bicyclist fell, resuling i a flail chest
and preumothorax

Fig 3 Exposed metal handlebar end onto which a bicvehist fell
resuthng mn a hver laceration

crown (Fig 1) and crossbar (Fig 2} onto which two of
the bicychists fell were not protected or padded

One mechamsm of injury was common to four of
the seven bicyclists one stunt nder, two bicychsts
who lost control, and one whose bicycle sustained
mecharucal faillure As the child began to fall, the
front wheel rotated into a plane perpendicular to the
child’s body The child then landed on the end of the
handlebar and sencus truncal injunes resulted The
wyuries sustained included two lLiver lacerations, one
renal laceration, and one spleruc lacerahon None of
these involved penetration of the skin and hve of the
seven bicyclists had external bruising

In two cases of mecharcal failure, the child fell
and landged on the crosspar or sterncrown Injuries
sustained tnciuded a flail chest with pneumecthoras

and a pancreatic fracture, respectinely In the case
involving a nder pertorming a stunt 1t could not be
determined :t the impact was with the crossbar or the
handlebar end In this case, a splenic laceranon re-
sulted A typical case of impact with the handlebar
end 15 presented below

A ¢-year-old boy arrived at our hospital via inter-
hospital helicoprer transport for treatment ot a liver
laceration The child was nding lus stunt bicycle at 4
miles per hour when his bicycle hut a discontinuity 1n
the sidewalk As the front tire began to cross-the
concrete-grass intertace, the child lost momentum,
causing the front wheel to turn toward the nght
exposing the child’s abdomen to the right handlebar,
whose end was exposed rusted metal (Fig 3) He
subsequently lost his balance and feil ento the nght
handlebar, together the bicycle and chuld fell to the
ground The child then lay at rest until a nerghbor
came over and helped him

The ctuld’s mother called the pediatrician and de-
scribed her son’s abdominal pain The pediatnician
advised the mother tg give her son acetaminophen
and call back mn a couple of hours Disregarding the
physician’s advice, she brought her son to a lecal
emergency department where an abdominal com-
puted tomogram revealed a Liver laceration that viz-
tually transected the nght and left hepatic lobes He
was immediately transferred by helicopter to The
Children’s Hospital of Phuladelpiua

On arrival at our hospital, hus heart rate was 124,
respiratory rate was 32, and hus blood pressure was
129/68 His Glascow Coma Score was 15 and his
trauma score was 15 {—1 regpiratory rate) On admus-
sion, he was febnle and the physical exammation
revealed a tender, distended abdomen Laboratory
studies were sigmficant for hemoglobin of 10 g/dL
(nL 115-155 g/dL), sodium of 152 mmol/L (nL
136-142 mmol/L), potassium of 332 (nL 38-50
mmol/L), ioruzed calaium of 1 12 mmol/L (nl 1 15-
134 mmol/L), plasma glucese of 205 mg/dL {nL
65-121 mg/dL), and albuminof 22 g/dL (nL 35-52
g/dL} He was wmutailv admutted to the pediatnc
mtensive care unit, but because of tachycardia he
was fluid-resuscitated and brought to the operating
room where he recerved 3000 mL of packed red
blood cells, 3000 mL of erystallod solution, 1800 mL
of fresh frozen plasma, and 630 mL or piatelets He
underwent an immediate exploratory laparotomy
during which a nght hepatic lobecetomy and chole-
cvstectomy were performed His total blood loss was
>3 liters A T-tube was placed in the common biie
duct, and he was returmed to the pediatric intensive
care unit His postoperative course was tutially un-
remarkable with discharge to home 11 days later
after T-tube removal

One week after discharge, the patent was read-
mtted complaining of abdominal pain and fever An
ultrasound revealed fluid collection n the right up-
per quadrant of his abdomen Laboratory values
were sigruficant for a whute blood cell count of 213
thou/pLl (nL 60-17 0 thou/ul), platelets of 659
thou/pl (nL 150-400 thou/pL), segmented neutro-
phils of 82% (nL 30-33%), and lymphocytes of 14%
(nL 30-55%) He was started on mtravenous fluids
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and antibiotics His tever continued A chest radiog-
raphy revealed a nght pieural ettusion whose drain-
age slowlv tapered during his hospital stay Fourteen
days after admussion he had mirumal abdominal
pamn, and he was discharged to home

DISCUSSION

This 15 the first study of pediatric handlebar-
related myurnes n which detailed circumstance and
clirucal data were collected prospectively to delineate
the mecharusm of this imury in sufficient detail for
redesign of handlebars This study used effectively a
survelilance system supplemented by on-site crash
investigations to delineate the typical mjury mecha-
rusm in which a chuld, who lost control of the bicycle,
began to fall Dunng the fall, the front wheel rotated
into a plane perpendicular to the ctuld’s boedy The
chuld then landed on the end of the handlebar result-
Ing m serious truncal imjunes Additional handlebar
mmpacts resulted from bicycle mechancal failure In
these cases the chuid fell and landed on an unpadded
stemcrown: or crossbar

Serious bicychist injury from handlebar impact oc-
curs with a history of an apparently mimor madent,
usually a fall A previous case-control study of non-
severe chuld bicychst njuries similarly found that

_mnor arcumstances, mcluding low bicycle speed

and nnding on a sidewalk, were associated with emer-
gency department visits However, an explanation
for these findings was not provided * In the present
study’s cohort of chuld bicychsts, 16% of sernous in-
junes resulted from handlebar impact and none in-
velved coliision with a motor vehicle Thus 15 in con-
trast to the remamng 84% of sertous child bicychst
njunes that primanly involved bicycle-motor vehi-
cle collisions

The frequency of handlebar impact 1n producng
serious wryuries mn chuld bicychists was confirmed by a
mult-msttutional study of ctuld bicyclist injunes
reported to the National Pediatnc Trauma Registry
Ten percent of the bicvchists enrolled m that studv
impacted the handiebars In the National Pediatric
Trauma Registry Study, none of the handlebar-
refated mjured subjects sustained a head injury Fur-
thermore, among the nonhead-mjured bicyclists,
these handlebar impacts accounted for 22% of the
reported injuries, therebv representing a sigruficant
source of injury In agreement with the results of our
study, none of these handlebar-related events in-
volved a motoer vehicle (Baker SP, Fowler CJ, Wmn-
ston FK, L1 G, DiScala C Sequelae of Head Injury in
Child Bicyclists, Phase II Submutted to The George
Smuvely Research Foundation The Johns Hopkins
Uruversity Center for Imjury Research and Policy
October 1997)

Our results also appear relevant to the findings of
Clamette and Beasley’ who found that senous han-
dlebar-related mjury wnvolves low-veloaty crashes
and often results in abdommal injury that may not be
symptomatic unti several hours after the injury Be-
cause abdomnal 1njuries can be occult, they may be
rmssed by the diagnosing phvsician and the need for
a thorough trauma history 15 essentiai to maxumnize
efficient care ® The case report presented m this

studv specifically highlights how handlebar injuries
can become a mussed or delayed diagnosis Recogni-
hon of the mecharusm ot handlebar-related injuries
mught have aided the pediatrician in early diagnosis
of a iver laceration The evaluating physician should
ask a senes of queshons regarding the bicvcle crash
1 an etfort to deterrmine if the handlebar was in-
volved in producing myury If a handlebar were 1m-
plicated In the mjury causation, a follow-up history
and physical eliciting signs and symptems of shock
should be pursued

The case report of the é6-year-old child also brings
attention to the use of the stunt bicycle in the home
environment Five of the bicycle crashes subjected to
in-depth mvestigation mnvelved stunt-ike bicycles
The potential hazard of stunt bicycles in producing
handlebar-related myunes is corroborated by the
work of Sparnon et al in 1982% and Spamon and
Ford in 1586’ in whuch stunt bicycles were mmpli-
cated in scrotal imjuries and intra-abdominal system
mmjunes, respectvely These studies and the results of
the current study elicit concerns about whether the
home environment 1s appropnate for stunt bicycle
use

In addition to the type of bicycle, the size appro-
prateness of the bicycle for the child 1s important
Improper bicycle sizing may unpede the child’s han-
diing of the bicycle, potentally predisposing the
chiid to falling, and may expose more of the chuld’s
trunk to the handlebar Although mmproper bicycle
s1zIng was net apparent m this study among those
cases subjected to mn-depth crash investigation, the
potenhal consequence of improperly sizing a bicycle
for a young rnider must be considered

The importance of the trauma history has been
demonstrated previously elsewhere Trauma husto-
nes focusing on discordancies between injury mech-
anism and actual physical damage to the victim have
been essential mn the detection of chuld abuse®®?” and
domestic violence ¥ Similarly, trauma hustories have
identified the role of a:r bags in chuld occupant fatal-
itres mn low speed crashes 7 The emergency depart-
ment can provide essental information for mjury
prevention and treatment if a sufficiently detailed
trauma hustory 1s obtamned

This study was luruted to a single level one pedi-
atric trauma center and mcluded only chuldren with
sericus wnjunes to be able to identify specific aarcum-
stances asscclated with these injuries To obtain in-
cidence and prevalence data regarding bicycle han-
dlebar-related ijures, further study should include
data from the commurty regarding children with no
or munor injuries ¥ ¥ Addihonally, the sample size of
the study does not allow for subgroup analysis of
specific handlebar designs and theur role in produc-
ing bicychists’ uyures Previous studies pertormed
on handlebar type were Limited to descnbing the
presence of protective padding on the ends ot the
handlebars ® Further study mncorporating a larger
data set and expansion of parameters mught permt
the development of specific recommendahons Ad-
ditionally, a larger studv of the senous handlebar
injunzes should be conducted to determine whether
manufacturers should be encouraged to produce bi-
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oveles with curved handlebars, especually for small
and vounger rniders Such a study could also be used
to explore the beneht ot design limutations such as
Limitation of rotation of the front wheel

Handlebar-related mmjuries could potennallv be
avorded by curving handlebar ends awav from the
nder and padding the handlebar ends These han-
dlebar redesigns are recommended for all brevcle
types Limitation of the front wheel rotation 15 also
recommended, but 1t 15 recogruzed that restricting
the free rotation of the front wheel mught not be
acceptable to some stunt bicycle competitors Conge-
quentlv, consideration should be given to limuting
the use of stunt bicycles to controlled competition
sethngs with expernenced nders

Climucians can play an important role mn the pre-
venticn and treatment of handlebar-related myjures
Through anticipatory guidance, clirucians can edu-
cate parents about choosing and mamntainmg therr
chuld’s bicycle This education might include proper
sizing of the bicycle to the ctuld, approprnate type of
bicycle for the child’s age and skill level, mamte-
nance of the bicycle to prevent mechanical failure,
and mamtenance of handlebar guards If a child b~
cychst is injured m a fall, cirecians should ehat a
complete trauma hustory from EMS personnel, chul-
dren, and witnesses Identification of handlebar im-
pact may be essental to identifying serious occult
truncal ijurnes in chuld bicychsts
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PROTECTING THE CHILD'S ABDOMEN A RETRACTABLE BICYCLE HANDLEBAR

Knsty B Arbogast
Jeremy Cohen
Lus Otoya

Flaura K. Winston

ABSTRACT

A surveillance system 1n the Emergency Department of a Level 1 pediatric trauma center
previously 1dentified minor bicycle crashes as a cause of serious child abdorminal mjury A
discordancy exists between the apparently minor circumstances and serous injuries sustained by
chuld bicyclists who impact bicycle handlebars. The objective of this work was to redesign the
bicycle handlebar to reduce the forces transmutted to the child’s abdomen during an impact with
the handlebars.

A retractable handlebar consisting of a spring-mass-damper systemn was designed to
retract and absorb the majonty of energy at impact. Since the child remains 11 contact with the
bar after impact, the retracting system also includes a mechanism to damp the outward motion of
the handlebar This prototype will reduce the forces at impact by approximately 50% 1n a
collision simular to those discussed above

A vnique methodology of translating research findings into product design produced a
novel handlebar that absorbs sigmificant energy that otherwise wouid be transferred to the chuld’s

abdomen when impacting the handlebar

Keywords* abdomunal imjury, product design, bicycle safety
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INTRODUCTION

Impact waith the handlebar 1n slow speed bicycling crashes has been 1dentified as a
mechanism of life threatening truncal injunes in chuldren A thirty-year period of study of
children’s abdominal injuries (348 cases) showed that the predomunant cause (104 cases) of
abdormunal injury in children age 6-10 years was bicycle accidents (Berggvist, et al, 1985) Ina
study at a pediatnic trauma center from 1930-1994, the largest percentage (27%) of pancreatic
mpury 1n chuldren was a direct result of bicycle handlebars (Arkovitz, et al., 1997). A receat
report documented a fatal delayed rupture of the abdomunal aorta due to impact with the bicycle
handlebar (Tracy, et al., 1996)

A multi-msttutional study of child bicychst injuries using the National Pediatric Trauma
Registry as a data source revealed that ten percent of the bicyclists enrolled impacted the
handlebars and that none of those that impacted the handlebars sustained a head mjury
Furthermore, of all children without head mjunes, 22% of the mjunes were due to handlebar
mpact. (Baker et al, 1997)

In our previous work, a prospective survelllance system in the Emergency Department of
a Level 1 pediatric trauma center was used to 1dentify children with this injury pattern and
specifics of the mmjury mechamsm were delineated through accident reconstruction (Winston, et
al , 1998) The most common scenario was as follows the child was nding forward when he/she
came 1nto contact with an obstructing object (1 e curb, bump, rock, etc ) Upon contacting the
object, the forward motion of the bicycle was stopped and, 1n order to gain his/her balance. the
child turmed the handlebar perpendicular to his/her abdomen. The child’s momentum carned
him forward impacting the handlebar Following the forward motion the child fell to the ground

while sull in contact with the handlebar The distal end of the handlebar collided with the
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ground, forcing the proximal end of the bar into the chuld’s abdomen causing serious life-
threatening mjurnes to the liver, spleen, and pancreas (Figure 1)

No effective countermeasures have been developed to prevent these debilitating njuries
The goal of this study was to use a umque methodology to translate our research findings of
handlebar injuries into the design of a novel handlebar system. This system would be able to
absorb energy and reduce the force transferred to the cluld’s abdomen in bicycle handiebar

coilisions

METHODS

The chuld’s body mass, the mass of bicycle, and specific dimensions of the bicycles were
abstracted from the accident reconstruction reports from our previous work discussed above
{(Winston et al, 1998). Impact forces from a typical crash were determuned using the equations of
physical motion

Initially, the person (p) 1s nding the bicycle (b) at an 1mitial velocity of vy, When the
child 1s miually thrown from the seat mto the handlebar, a second system 1s established where
there 1s only the momentum of the person due to the complete stop of the bicycle The velocity
of the child’s imitial impact with the handlebar (Vimpacn ) 18 equé.l to the imitial velocity of the

bicycle (vp,)

Vlmpacﬂ:Vbl (1)
The subject and the bicycle then fall toward the ground where upon mmpact, a sigmficant force 15

exerted by the handlebar upon the subject. The force associated with the handlebar 15 given by

Fhandlebar = F(h) sin & (2)
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where 8 15 the angle of accident 1mpact, h 1s the height of the center of gravity of the of the
combined person and bicycle masses and 1s estimated to be 1 Om  In addition, an associated
force due to gravity exists If we assume that there 1s an initial velocity at impact with the
handlebar (vimpaeit), the acceleration in the vertical direction can be solved after finding the

velocity of impact with the ground (Vimpaen) The energy equation associated with the second

collision 1s.

2

1 1
—m,v : + (mb + mp)gh = E(mb + mp)vrmpacrz (3)

2 p " impact]

Acceleration 1n the vertical direction can be calculated to be the following

2
1%

tmpact 2

a= 2k 4)

where velocity at impact can be calculated from the energy equation above Thus, in conclusion,
the general force diagram leads to an equation given by the following:

(m, +m, W2

F(h) siné — (mb + mp)g p— o impact2

(3)

Solving for F(h) yields the force associated with the ac‘mdent Muluple forces were
calculated by varying wnttial bicycle speeds and the angle of accident impact, 8 The range of
iutial bicycle speeds was chosen based on the crash investigations These calculated forces were
compared to the known compressive tolerance of the pediatnic liver and spleen which have been
previously measured to be 2649 Newtons and 785 Newtons, respectively (Sturtz, 1980)

Using a spring-mass-damper system, a novel handlebar was designed that, under
pressures strmilar to those expenienced duning a crash. would retract and absorb the majonty of

the energy at impact  In this design, the handlebar system would no longer be fixed upon
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collision  Since the child remains 1n contact with the bar, the retracting system cannot return to
the onginal position with the same force rate that caused it to initially retract The new bar
would include a system to damp outward motion of the bar In addition to the retracung
mechanism, the surface area of the handlebar ends would be 1ncreased to help distribute forces
on the body

The mathematical system chosen to represent the new design was a spring mass damper

system which can be described by the following equations

2
(mp+mb)%§+c%+kx:F(r) (6)

In the equation above, all vanables (mass (m), acceleration (dzx]dtz), Imaximum compression (X),
force at impact (F(t)), and velecity at impact (dx/dt)) are known except for k and ¢, the spring
constant and viscous damping coefficient, respectively Therefore, 1terating values for k will

yield corresponding values for ¢

RESULTS AND DESIGN

S1x cases 1n which a chuld experienced senous abdominal injuries due to handlebar
impact were analyzed (Table 1) Table 2 represents calculations of the force at impact (soluton
to Equation 5) from an average imuial bicycle speed of 6 4 kph  The force due to the 1minia]
mnpact of the child with the handlebar was calculated to be approximately 300 Newtons. Forces
due to impact with the ground ranged from approximately 1200-7000 Newtons, with an average
of 2355 Newtons. (6 4 kph initial bicycle speed) depending upon the angle at impact These
calculations showed that the 1nitial force of contact immediately following the drastic change 1n
bicycle velocity 1s much less than the final impact with the ground. Thus the 1mpact with the

ground 1s the causal factor, not the mitial contact force
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The average umpact force of 2355 Newtons 1s considerably larger that the 785 Newtons
required to rupture the spleen Furthermore, the 2355 Newton value 1s comparable to the force at
which the liver was found to rupture, 2649 Newtons Speeds exceeding 6 4 kph imtial bicycle
velocity (1 e 8 0-12 9 kph for this study) have larger average force values than the liver rupture
force tolerance

A standard mdustrial spring and damping grease (TAI Lubrnicants, Hockessin, Delaware)
were chosen to provide the resistance and damping for the new prototype handlebar design,
respectively The damping grease (NyoGel 774VL) had a dynamuc viscosity of 106 N-s/m” This
dynamuc viscosity correlated with a spring constant of 1752 N/m or 10 lbs/in  To aid in
distributing the forces associated with impact, a protective cushton made of rubber-coated foam
was added to the end of the bar, which increased the surface area at the end The prototype 1s
pictured below (Figure 2}

The spring 1s fixed at both ends and “ndes” along a shaft which supports the spnng
The shaft provides the safer handlebar system with dynamic stability Upon an impact force
from the handlebar end, the handlebar would compress depending upon the magnitude of the
impact force, and then release at a slower rate due to the damping effect of the grease Fora64
kph mnitial bicycle speed, the force at tmpact would reduce by approximately half from 2353

Newtons to 1177 Newtons Photos of the actual machined handlebar are shown in Figure 3

DISCUSSION

A unique methodology was employed that translated research findings into product

design. the mechanism of injury due to handlebar impact was delineated and a new handlebar
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design to mutigate these injunes was developed This design absorbs significant energy that
otherwise would be transferred to the child’s abdomen when mmpacting the handlebar

The prototype described in this report 1s a concept stage design only Further work would
need to be done to completely charactenize 1ts performance and optimize the design for
manufactuning and production For this design, the length of the spring was based on a set
distance determuned from the bicycles used 1n the actual cases. In manufacturing the system,
there are several parameters that can be varied Changing the compression distance, and
consequently the length of the spring, changes the spring constant An optimization of these
parameters allows for the development of the least expensive, most effective unmit  Additional
work needs to be done to assess the viability of a stiff spring (fugher spring constant) versus a
yielding spring (lower spring constant with more flexibility) with smaller and larger compression
distances respectively In addition, the performance of the handlebar must be assessed for all
angles of impact.

Although this design sigmificantly reduced the forces transmutted to the abdomen (by
half) in these types of crashes, the maximum force 1n the redesigned handlebar was calculated to
be above the known tolerance of the spleen (approximately 800 Newtons) It 1s important to note
that this tolerance level was determuned from a single test in a 10-year-old child and as a result,
may not be an exact value This data, however, represents the only mformation available and as
a result. 1s the basis for the handlebar design In the next generation design, the forces should be
further limited to a safety factor of at least 2 below the spleen tolerance, 1 e the maximum force
should be limited to 400 Newtons This could be actueved simply by using a different

combination of spring and damping grease
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In desigming a device that 1s to be implemented on all bicycles, 1t 15 also important to
consider price and practicality The actual shape of the handlebar can only be changed such that
the functional purpose 1s not altered. If the children cannot maneuver with the same ease, then
they are more likely to have accidents In addition, the device must be aesthetically appealing to
chuldren 1n the target age group During invesnigation of the crashes described herein, it was
determuned that chuldren often remove safety features on bicycles to increase the maneuverability
or aesthetics If they feel that the handlebar makes the bike look strange or uncomfortable, they
will be less likely to purchase 1t.  Prior to deterruning a final handlebar design, a focus group of
children should be conducted, testing the aesthetics of possible handlebar systems In particular,
the children’s input should be considered in developimg the mold for the rubberized foam

padding that would be placed on the handlebar ends

CONCLUSIONS
A unique methodelogy of translating research findings nto product design produced a
retractable handlebar consisting of a spring-mass-damper system that, under pressures sumlar to
those experienced during a crash, retracts and absorbs the majority of energy transferred to a
child’s abdomen at impact Thus prototype was designed to reduce the forces at impact by
approximately 50% 1n a collision similar to those that have previously caused injury Ths design
will be instrumental 1n reducing the seventy of abdormunal mjunes expenenced by young

cyclists
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Table 1-Case Summaries

Case # |{Child age] Child |Handlebartum| Bicycle Injury
(yrs) |mass(kg)| radms(deg) | Weight (kg)

1 14 503 20 123 Severed kidney, bruised pancreas
2 11 49 8 360 129 Splenic laceration

3 7 31.7 360 147 Splenic laceration

4 8 270 90<r<180 129 Liver laceration

5 11 430 360 109 Splenic laceration

6 6 250 360 Unknown Liver laceration
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Table 2 - Force Calculations for 6 4 kph (1 8 m/s) Imitial Bicycle Speed

my, my Vi Vimpact2 4] Force at impact
(kg) | kg | (@fs) | (m/s) |(degrees) (N)
126 | 441 13 47 10 6811
126 | 441 18 47 20 3458
126 | 441 18 47 30 2366
126 | 441 18 47 40 1840
126 { 44.1 18 47 50 1544
126 | 441 18 47 60 1366
126 | 441 1.8 47 70 1259
126 | 441 18 47 80 1201
126 | 441 18 47 90 1183
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Figure 2
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Figure captions

Figure 1 - Schematic of mjury event unfolding

Figure 2 - Theoretical prototype of redesigned handlebar The design consists of a linear spring
on a cylindncal shaft surrounded by damping grease Upon impact, the spring would compress
and then release at a slower rate due to the damping effect of the grease.

Figure 3 — Actual photos of redesigned handlebar
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